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SUMMARY: 

Introduction: According to the National Cancer Register in Poland, the number of cancers 

including breast cancers has more than doubled in the past three decades. Poly(ADP-ribose) 

polymerase (PARP) inhibitors lead to the death of cells with a BRCA1/2 mutation. The use of 

PARP inhibitors has increased significantly over the last 5 years.  

 

Objective: This article summarizes the current knowledge about the safety and clinical  

efficacy of PARP inhibitors in the treatment of solid tumors. 
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Abbreviated description of the state of knowledge: PARP inhibitors have been used in the 

standard treatment of ovarian cancer. Three of them: Olaparyb, Rucaparyb and Niraparyb 

have indications for maintenance treatment in recurrent platinum-sensitive ovarian cancer. 

Olaparib and Weliparib are used to treat breast cancer patients. Research shows that the use 

of Olaparib in breast cancer patients has reduced tumours size as much as around 60% of 

women with BRCA mutation. The combination of veloparin with carbolatin and paclitaxel 

was associated with a longer mean survival period than chemotherapy alone in treatment of 

non-small cell lung cancer(NSCLC). 

In addition, there are studies showing the benefits of PARP inhibitor therapy in prostate 

cancer. Olaparyb in combination with abiraterone shows greater clinical efficacy in patients 

with castration-resistant prostate cancer compared alone abiraterone. 

 

Conclusions: FDA approval of new PARP inhibitors is a promising method for more 

effective treatment of the most common cancers in the world. In the future further research 

may lead to a better definition of the patient group benefiting most from PARP inhibitor 

therapy.  
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ARTICLE 

1. Introduction 

As cancer morbidity is growing, the search for new medicinal therapies constantly elaborates. 

It is estimated that cancer incidence will be more than 29.5 million cases in 2040. The 

estimated number of deaths from cancer will be around 63.4% higher compared to 2018 [1]. 

Oncological treatment is gradually based on personalized methods of diagnosis and 

treatment. The use of Poly(ADP-ribose) polymerase (PARP) inhibitors  is an example of 

targeted treatment. PARP are enzymes important for various cellular processes, from 

regulation transcription and cell cycle control to chromatin dynamics, DNA repair, mitosis 

and cell death. The most active PARP is PARP1, which synthesize more than 90% of cellular 

PAR [2]. PARP are enzymes involved in DNA repair, activated when DNA is damaged. 

Tumors that share the molecular characteristics of BRCA gene mutations, called "BRCAness” 

, may also be susceptible to similar therapeutic approaches. BRCA 1/2 are tumor suppressor 

genes. Genes BRCA 1/2 are crucial for repairing BRCA1/2 by homologous 

recombination(HR) [3,4]. Inhibition of PARP activity can lead to the death of cells with the 

BRCA1 /BRCA2 mutation. Patients with somatic and/or embryonic mutation BRCA1/2 benefit 

more from these treatments than other patients [5]. For the first time PARP inhibitors have 

been approved for the treatment of ovarian cancer and this has completely changed the 

treatment strategy. Efficacy has also been demonstrated in metastatic breast cancer HER2-

negative and advanced prostate cancer with BRCA1 / 2 or ATM mutations [6]. 
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Objective 

In recent years, numerous studies have focused on the use of PARP inhibitors in the treatment 

of solid tumors. In our work, we analysed the available literature in terms of the possibility of 

using new, already registered medicines as well as assessing their effectiveness and safety. 

 

2. The state of knowledge  

2.1  PARP inhibitors in the treatment of ovarian cancer 

Ovarian malignancy accounts for 4.6% of cases in women. The number of deaths in 2016 in 

Poland was 2639 [7].The use of PARP inhibitors has increased significantly over the last 5 

years. Three of them have entered into standard treatment for epithelial ovarian cancer 

(including ovarian, fallopian tube and primary peritoneal cancer) [8]. BRCA mutations occur 

in about 15% of ovarian cancer patients and have been shown to have a better chance of 

responding to PARP inhibitors. Olaparyb and rucaparib currently have indications for the 

treatment of recurrent ovarian cancer with the current BRCA mutation.Olaparib, rucaparib 

and niraparib have indications for maintenance treatment in platinum-sensitive recurrent 

ovarian cancer after responding to platinum-based treatment. As a maintenance therapy in 

selected patients with a recurrent, platinum-sensitive disease that reacts to chemotherapy, 

PARP inhibitors have been shown to improve progression-free survival in patients with 

BRCA mutation and wild BRCA disease. Randomised 2018 studies have shown that Olaparib, 

maintenance therapy in analyte platinum-sensitive ovarian cancer reduced the risk of 

progression by 65% and almost doubled the total time off from the progression of the disease. 

It is also worth noting that all PARP inhibitors can cause haematological toxicity. This can be 

problematic, especially in patients undergoing maintenance therapy who have already been 

treated in the myelosuppressive regimen. In the case of Niraparib, thrombocytopenia can be a 

particular problem. In the observations, grade 3 or 4 thrombocytopenia was observed in about 

one third of patients [9]. 

 

2.2 PARP inhibitors in the treatment of triple-negative breast cancer. 

In Poland, according to statistics published in 2018, breast cancer was the most common 

malignant cancer in women (21,9%) [7].  

The primary treatment for breast cancer is surgical treatment. One of the additional 

treatments are PARP inhibitors. Olaparib and Weliparib are used to treat breast malignant 

cancer patients. The worst prognosis is characterized by one of the subtypes of cancer called 

triple negative cancer (TNBC). This means that there are no receptors on the surface of its 

cells that could become the site of the handle of the action of many complementary therapies 

such as chemotherapy and hormonoterapy. On the surface of tumor cells there are no 

receptors for estrogen, progesterone and HER2. The characteristics of most breast cancers 

based on the BRCA1 gene genetic mutation are triple negative. Treatment of patients with 

triple negative breast cancer is limited. PARP inhibitors are the subject of research into the 

effective treatment of this type of breast cancer [10].  

The study conducted by Rugo H.S. et al. included 106 patients with triple negative breast 

cancer (72 patients were a study group and 44 were a control group). Weliparib in 

combination with carbolatin included with standard therapy has been shown to result in a 

higher response rate than standard therapy. On the other hand, in the study Gelmon KA et al. 

91 patients with ovarian cancer and 26 patients with triple-negative breast cancer were treated 
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with Olaparib, 400 mg daily. No treatment effects have been demonstrated in patients with 

triple negative breast cancer. The study only confirmed a positive outcome for ovarian cancer 

[11,12].   

One study showed a reduction in tumours size in approximately 60% of women with BRCA-

related metastatic breast cancer who received a Olaparib compared to 29% of patients receive 

chemotherapy. The median time to progression of the disease was 7 months compared with 

4.2 months. These are primary findings to show that a PARP inhibitor can improve 

progression-free survival in metastatic, hereditary breast cancer.[13].  

Cohort study by Rodler ET. et al. showed that the use of Veliparib 300 mg twice daily in 

combination with cisplatin and vinorelin is well tolerated.The following side effects have 

been observed: neutropenia (36%), anemia (30%) and thrombocytopenia (12%). A 

randomized phase II study has been planned to assess veliparib's participation in cisplatin 

chemotherapy in metastatic breast cancer associated with the TNBC and BRCA mutations. 

[14].  

Of the available PARP inhibitor preparations in clinical trials, Weliparib is effective against 

breast cancer with BRCA 1 / BRCA 2 mutation when used with standard therapy. On the 

other hand, with another preparation Olaparib, no positive effects of treatment were observed. 

More research is needed involving a larger number of patients to be able to confirm the 

effectiveness of promising PARP inhibitors in the treatment of breast cancer. 

 

2.3 PARP inhibitors for the treatment of non-small cell lung cancer.  

Numerous studies on PARP inhibitors have led to the knowledge of their biology and 

mechanisms of action. It appears that in addition to the standard use of these medicines in 

patients with HR deficiency in ovarian and breast cancer, they can be used to treat other 

cancers, including non-small cell lung cancer(NSCLC). Compared to 2018, this will be 

72.5% more cases of this type of cancer [1].NSCLC is the most common (approximately 

80%) type of lung cancer [15]. Both the increased trend of the disease and the highest 

mortality rate among other cancers leads to the search for the most effective therapeutic 

regimens and methods in NSCLC.  

One of the promising therapeutic routes is the use of PARP inhibitors. Due to the frequent 

occurrence of HR gene mutations in lung cancer patients, the potential use of PARP 

inhibitors in NSCLC patients with these mutations has been investigated. The results of the 

study showed that Olaparib successfully induced apoptosis in A549 cells with BRCA1 or 

BRCA2 exhaustion, which supports the good effects of potential NSCLC therapy with HR 

mutation. 

Compared to classical chemotherapeutic agents (platinum derivatives) used in the treatment 

of NSCLC, PARP inhibitors have less toxicity. Combined PARP inhibitor treatment with 

gemcitabine has been shown to induce synergistic DNA damage mediated by increased 

accumulation of single-stranded DNA breaks [15]. 

 According to the latest reports, veliparib efficacy in combination with platinum-based 

chemotherapy compared to placebo is currently assessed in the Phase III study  in advanced 

squamous lung cancer [16].In the Phase II study, promising results were achieved. The 

combination of veloparin with carbolatin and paclitaxel was associated with a longer mean 

survival period than chemotherapy alone. In addition, the association velobarib with 

chemotherapy was well tolerated [17]. Additionally to the mechanisms described, PARP 

https://dictionary.cambridge.org/pl/dictionary/english-polish/it_1
https://dictionary.cambridge.org/pl/dictionary/english-polish/to_1
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inhibitors can modify the cancer microenvironment by increasing the expression of PD-L1. 

Thanks to this mechanism of action of PARP inhibitors, it would be possible to associate 

them with immunotherapy. However, no data have been published on this potential 

combination treatment yet. Nevertheless, it provides a noteworthy point for further research. 

[16].  

 

2.4 PARP inhibitors in the treatment of prostate cancer. 

The National Cancer Register reports that prostate cancer is the most common cancer in men 

in Poland. It represents around 19% of cancer incidence in men and is characterized by the 

greatest growth rate of morbidity.[7]. 

The molecular heterogeneity of this disease is well known, but the treatment has not been 

molecularly stratified so far. Metastatic castration-resistant prostate cancer can have genomic 

aberrations that interfere with DNA repair [18].Some of these aberrations have been 

associated with sensitivity to PARP inhibitors, suggesting that treatment with a PARP 

inhibitor may use synthetic lethal interaction. [19]. In the  study Clar N et al. patients with 

prostate cancer resistant to castration and HR repair mutations demonstrated a response to 

Olaparib treatment as opposed to patients without HR mutation. Randomised Phase II 

(double-blind placebo trials) was conducted in 41 urological oncology facilities in 11 

countries in Europe and North America. 171 patients aged 18 years or older with metastatic 

prostate cancer resistant to surgery were qualified. They had previously received docetaksel 

and were candidates for abiraterone treatment. Of the 142 patients, randomly assigned to the 

olaparab and abiraterone group (n = 71) or placebo and abiraterone (n = 71). Olaparb in 

combination with abiraterone was found to have been clinically effective in patients with 

castration-resistant prostate cancer compared to alone abiraterone [20]. In another Phase II 

study, 50 patients previously treated with docetakaxel were enrolled. 49 (98%) of them 

received abiraterone or enzalutamide, while 29 (58%) received cabazitaxel. All patients 

received olaparib tablets at a dose of 400 mg twice a day until radiological progression, 

unambiguous clinical progression, unacceptable side effects, withdrawal of consent or death 

(n = 1). 16 of 49 patients responded to Olaparib. 12 patients received study medication for 

over 6 months. Homozygous deletions, harmful mutations in genes BRCA1/2, ATM,  Fanconi 

anemia genes, CHEK2 were identified in 16 patients who responded to treatment using new 

generation sequencing. Loss of BRCA2 was presented by 14 of them (88%), the larger 4 

present were ATM aberrations. Anemia (20%) and fatigue (16%) were the most common 

adverse events of Olaparib. The study showed that treatment with Olaparib showed a high 

response rate in patients who did not respond to standard treatment  with prostate cancers 

with defects in repair genes [21]. 

 

3.  Summary and conclusions: 

The choice of PARP inhibitor in a specific clinical case is largely based on baseline 

laboratory values, number of previous therapies and the presence of BRCA mutations or the 

degree of damage to HR mechanisms. The evaluation of biomarkers such as the 

aforementioned HR is being modernised, so  in the future it can be expected to be better 

determined patient group benefiting most from PARP inhibitor therapy. Clinically available 

PARP inhibitors are currently undergoing extensive research. Other newer measures, such as 

thazoparib, veliparib, 2X-121 and CEP-9722, are at earlier stages of research.  FDA approval 
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of new PARP inhibitors is a promising method for more effective treatment of the most 

common cancers in the world. The more FDA-approved drugs we expect the decision to 

choose a PARP inhibitor will become more complex. 

 

4.  References:  

[1]IARC. Global Cancer Observatory (GLOBOCAN) Cancer Tomorrow 2018 Estimates. 

Available at. http://gco.iarc.fr/tomorrow. (dostęp: 2020.03.16). 

[2]Kukolj E, Kaufmann T, Dick AE, Zeillinger R, Gerlich DW, Slade D. PARP inhibition 

causes premature loss of cohesion in cancer cells. Oncotarget. 2017;8(61):103931-103951. 

[3]Lord CJ, Ashworth A. BRCAness revisited. Nat Rev Cancer. 2016;16(2):110-20. 

[4]Daum H, Peretz T, Laufer N. BRCA mutations and reproduction.Fertility and Sterility. 

2018; 109(1): 33-38. 

[5]Neviere Z, De La Motte Rouge T, Floquet A, Johnson A, Berthet P, Joly F. How and when 

to refer patients for oncogenetic counseling in the era of PARP inhibitors. Ther Adv Med 

Oncol. 2020;12:1758835919897530.  

[6]Dębska S, Kubicka J, Czyżykowski R, Habib M, Potemski P. PARP inhibitors – 

theoretical basis and clinical application. Postepy Hig Med Dosw. 2012; 66: 311-321. 

[7] Wojciechowska U, Czaderny K, Ciuba A, Olasek P, Didkowska J. Nowotwory złośliwe w 

Polsce w 2016 roku.   

http://onkologia.org.pl/wpcontent/uploads/Nowotwory_2016.pdf?fbclid=IwAR3dDcDW9fN

y9C6eMl94UqItO9Bg9rjGaEg4G0ZfoLyBJ4ayIHm3U8_vqKw 

(dostęp: 2020.03.19) 

[8] Kurnit KC, Coleman RL, Westin SN. Using PARP Inhibitors in the Treatment of Patients 

With Ovarian Cancer.Curr Treat Options Oncol. 2018;19(12):1. 

[9] Armstrong DK.New Therapies for Ovarian Cancer. JNCCN. 2018;16:5S. 

[10]Geenen JJJ, Linn SC, Beijnen JH, Schellens JHM.;PARP Inhibitors in the Treatment of 

Triple-Negative Breast Cancer. Clin Pharmacokinet. 2018 Apr;57(4):427-437. 

[11]Rugo HS, Olopade OI, DeMichele A, Yau C, van 't Veer LJ, Buxton MB et al. Adaptive 

Randomization of Veliparib-Carboplatin Treatment in Breast Cancer. N Engl J Med. 

2016;375(1):23-34.  

[12]Gelmon KA, Tischkowitz M, Mackay H, Swenerton K, Robidoux A, Tonkin K et al., 

Olaparib in patients with recurrent high-grade serous or poorly differentiated ovarian 

carcinoma or triple-negative breast cancer: a phase 2, multicentre, open-label, non-

randomised study, Lancet Oncol. 2011 Sep;12(9):852-61. doi: 10.1016/S1470-

2045(11)70214-5. Epub 2011 Aug 19. 

[13]Olaparib Keeps Hereditary Breast Tumors in Check. Cancer Discov. 

2017;7(8):OF10.https://cancerdiscovery.aacrjournals.org/content/7/8/OF10.long (dostęp: 

2020.03.21) 

[14]Rodler ET, Kurland BF, Griffin M, Gralow JR, Porter P, Yeh RF et al. Phase I Study of 

Veliparib (ABT-888) Combined with Cisplatin and Vinorelbine in Advanced Triple-Negative 

Breast Cancer and/or BRCA Mutation-Associated Breast Cancer. Clin Cancer Res. 

2016;22(12):2855-64.  

[15]Jiang Y, Dai H, Li Y, Yin J, Guo S, Lin SY et al. PARP inhibitors synergize with 

gemcitabine by potentiating DNA damage in non-small-cell lung cancer. Int J Cancer. 

2019;144(5):1092-1103.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lord%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=26775620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daum%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29307397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peretz%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29307397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laufer%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29307397
http://onkologia.org.pl/wp-content/uploads/Nowotwory_2016.pdf?fbclid=IwAR3dDcDW9fNy9C6eMl94UqItO9Bg9rjGaEg4G0ZfoLyBJ4ayIHm3U8_vqKw
http://onkologia.org.pl/wp-content/uploads/Nowotwory_2016.pdf?fbclid=IwAR3dDcDW9fNy9C6eMl94UqItO9Bg9rjGaEg4G0ZfoLyBJ4ayIHm3U8_vqKw
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geenen%20JJJ%5BAuthor%5D&cauthor=true&cauthor_uid=29063517
https://www.ncbi.nlm.nih.gov/pubmed/?term=Linn%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=29063517
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beijnen%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=29063517
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schellens%20JHM%5BAuthor%5D&cauthor=true&cauthor_uid=29063517
https://www.ncbi.nlm.nih.gov/pubmed/28583909
https://cancerdiscovery.aacrjournals.org/content/7/8/OF10.long


139 

[16]Rossi G, Zullo L, Cerbone L, Coco S, Longo L, Tagliamento M et al. ADP ribose 

polymerase inhibitors for treating non-small cell lung cancer: new additions to the 

pharmacotherapeutic armamentarium.Expert Opin Pharmacother.2020.1-8. [17]Ramalingam 

SS, Blais N, Mazieres J, Reck M, Jones CM, Juhasz E et al. Randomized, Placebo-

Controlled, Phase II Study of Veliparib in Combination with Carboplatin and Paclitaxel for 

Advanced/Metastatic Non-Small Cell Lung Cancer. Clin Cancer Res. 2017;23(8):1937-1944.  

[18] Grasso CS, Wu YM, Robinson DR, Cao X, Dhanasekaran SM, Khan AP et al. The 

mutational landscape of lethal castration-resistant prostate cancer. Nature. 

2012;487(7406):239-43. 

[19] Farmer H, McCabe N, Lord CJ, Tutt AN, Johnson DA, Richardson TB et al. Targeting 

the DNA repair defect in BRCA mutant cells as a therapeutic strategy. Nature. 

2005;434:917–921. 

[20] Clarke N, Wiechno P, Alekseev B, Sala N, Jones R, Kocak I et al. Olaparib combined 

with abiraterone in patients with metastatic castration-resistant prostate cancer: a randomised, 

double-blind, placebo-controlled, phase 2 trial. Lancet Oncol. 2018 Jul;19(7):975-986. 

[21] Mateo J, Carreira S, Sandhu S, Miranda S, Mossop H, Perez-Lopez R et al. DNA-repair 

defects and olaparib in metastatic prostate cancer. N Engl J Med. 2015;373(18):1697–708. 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Tagliamento%20M%5BAuthor%5D&cauthor=true&cauthor_uid=32073315
https://www.ncbi.nlm.nih.gov/pubmed/32073315
https://www.ncbi.nlm.nih.gov/pubmed/27803064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kocak%20I%5BAuthor%5D&cauthor=true&cauthor_uid=29880291

